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Abstract

Based on the trend analysis methods and coefficient of variation methods, the interdecadal, inte-
rannual and seasonal variations of temperature, precipitation and sunshine duration from 1961
to 2018 were studied. In the past 58 years, the spatial characteristics of the annual mean temper-
ature showed that the temperature in the north was lower than that in the south of Hami city. The
annual mean temperature and seasonal mean temperature all increased. The interdecadal differ-
ence of annual and seasonal mean temperature in the south of Tianshan Mountain is obvious. The
annual mean precipitation of the north area was larger than that of the south area, which showed
a trend of increased significantly. There was a pluvial period in the 21st century and a rare rain
period in the 1960s. The changing trend of seasonal precipitation is less than annual mean preci-
pitation. The interannual variation of precipitation in the southern region of Tianshan Mountain is
obviously larger than that in the northern region. The spatial characteristics of the sunshine dura-
tion showed it in the north was lower than that in the south. The annual mean sunshine duration
and seasonal sunshine duration showed a weak increased trend in the southern region, which de-
creased weakly in the northern region.
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ik

BB BEY: RRERAEA R RS, 21 DR A BROF R IR E 1986 £E~2005 4F (1 5Ea |
BT 0.3°C~4.8C [1]. T —IC[2)FFRREN[3] [41%5 4> AW 5T T 1860~1986 41 1921~2002 4 [ [,
ARk, SERFW, RESFEERE, HAEPEHXEME, Hhdby KX A8g, #5655 52
TRAZE, MAFERFKENLL 12,7 mm/10a (0 A 2. TR AR T AR 6T 8 s SR AR G
TYFZWIF[5] [6] [7][8], #8 B ss S mAs b tash LIREE N . (H UL EAFT 242 h e 98 3 X, T
WR R MR G AR MR D . AR SCRIE T 3 AN Rk 1961~2018 4R 3 B RN T
BEAT AT, DAR R AR BB A SR A  ING 2 T AU AR AU, i AR S IR B K BRI A BT
RFH DAL B POl ] RS R AR flt— s 3

2. FRXHEAR

WAL T HE AR AL, A4 90°06'~96°23", Jb4h 40°45'~45°09', HudsiL i, il il ik A< 2 PG R 5
e, HEAREALIE, PEE, AN ERE SRR, BEOAKEEER, ABEHSURE ST ik, RR. GEE, P
Ji o REIR I E SR HER S AT A T A B KA [A) S X 3, BB e SR A, SO LB AR T
KRR, REFEE, TROWN; AR, SRR FRETASGIME, AHRABLREZL

3. MG E

ASCRAETRBROR B EARRREZTRE R0 BEASEH X, B, §H5 3 R
%3 51 1961 4F 1 H~2019 4 2 I H Ml BoR}, UREHE(E R 1981~2010 4R [T I ME . A4
T B SRR RS TR s s AT XA 2 9 B AT L s e I, DL AR L P X, L B, P g
FP AR LA X . #IHFETEG~5 H). ZZ2(6~8 7). HKZE(9~11 A). £F(12 H~B4F 2 H)x-Mk
BORHEEAT AT
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K /N ZREN SR R AT T, JFRH Person AHIC REUHAT ARG A RE MK N
THER AU P AL S RS2, SR 5a i3 P BEREAL B, #d SRR KR ES: A
AR 72 FBORF TR SUR AR AR A X A2 AR [9] o

4. SIRTHHES B
4.1 HEREEEWAFHE

411 Sig

I 58 R H AR EF 0 m AR R S50, AP <RILEE A 10.2°CL ikl
3.4°C. K14 1961~2018 05 %5 i 4513 R AE PR (b M 26 1 . eI mT 00, 3 58a Sk id %5 i AU e A
SIGIE AR S, 1R XA P SR AR AR 26 5 0.211°C/10a,  th AB XS4 SR AR L
i [F] 26  0.440°C/10a, BB @E R T 0.01 /KPR B ZE AT (P < 0.01), X5 FUdtHX 73Rk
#%4(0.42°C/10a) [10]—%, JF HudbFITHEEF R T IE Ik X % . MFERE KRR, 2017 4 y1LF
[X it 58a H IR BEI4ELY, ETHA IR FHik 1.5°C, HCH 2016 4E, F- PSR IER TN 1.4C;
1976 FREFA HIEN, PSRBT 1.1°C, BREM SRAENPHEMZE 2.6°C. LILBPRERH
PLAE 2013 4F, FE-F 1.5°C, @ M ILTE 1984 4F, BE-FIA-2.7°C, IR 5 B A E A HHZE 1L 4.2°C.

IT 58a SRS F TIT VU ZEF- 1 R R 52 BT 3, (HBG IR 2 18] 70 A1 FF A 78 2 — B (EIE) . 1l B X
7 B KA1 R R U AR A i 5] 2 53 3] 4 0.334°C/10a. 0.195°C/10a. 0.064°C/10a. 0.187°C
110a, FZ. EEFHSEMNALESIED T 0.01 K FHEZEERKEP < 0.01), KF. £ FHSEM
A B EAL . P, S INAEENTTIR R R BE, K AT ARIGIE 1 STk
RN bR ET . B, KA TSR AR5 2243 51 0.431°C/10a. 0.509°C/10a.
0.404°C/10a. 0.359°C/10a, PYZ=~F-¥) MBI T 0.01 KT B2 A (P < 0.01). #2774
SAEIEIE I TTER MR IO : B > FBF > KE > &%,

FEtEEAE[11] [12]RF R, aF 50a H E PR S AR IR B A —EL Rl 1970 4
FEAE T3 ARG IR IR FE & T AR TR, E P RUR ISR E % 0.25°C/10a. BA R ArHr R B,
WG T AP RS T E A AR IR A AR R, R BT, R X R e 4 P
174k, i L A XA P38 SR BT AR A A B4 1.8 %, IT 58a SR T L A6 IX SR L B X A
SRR T T 40 1.2°CHN2.6°C
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Figure 1. Interannual variation of average temperature in Hami
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4.12. MEKE

2 AWM ETEROK RS . MBI, I 58a Jes % i 4 MK B Sk, HEk R
s, Eg . i dE Xk 2 4 KR 308 43.7 mm F1 167.4 mm, 24k 2 R /b 143 (8] 43 A
fE. g X Sk A4 F K A BILAE 2015 4E 152218 78.8 mm 2] H BLAE 1997 4E 5 /0ME 9.2 mm, M Z A
752 A K S 1 S A L RIS /N, FREKE B2 ILAE 2017 4F(254.9 mm), H/ME
HBLTE 1985 £5(87.3 mm), FHZEN 2 5% o (hFg « LB X A F /K & 1S A AR A1 K 43351 3.743 mm/10a.
10.06 mm/10a, “BftEaF IS T 0.01 K B E WA K (P < 0.01). i 5a g3 Py i 2kt — b LI,
LR X 35 60 FEARAKPE 2 B i, 70 AR T HE B30t 0 J5 0 T R B, 80 4EAR & 90 AL T/INIE i B
FHIRFS, 2000 FJ5 R EF 2 — NS XIS R . AHARAE Oy 2 A AFAE R 2 57, 1998 4 A1
1997 FEZ(ERK, 7 56.7 mm. LAk XKIRER KRR R LEH AR, 60 FUFERKER ET
KA, 60 FAKHIHE — AUk, 70 FACHHIHILE — M, 80 aFAAE 90 AR5 L X I—5, 4
T/NER S ETHIRES, 7 90 AR IS AN kg, 21 M85 RKERMER, EiEkshtaT
N, 1984 5 1985 E ][ /K EEME RN, HZE 1205 mm. 58a K, 1. b K EFERbR
#EZ S8 17.5 mm.y 37.2mm, PABIKEFEFE 3 F > 40% N2 HE. BV E%E <-40%N/D W,
TP Z AR . Bt o, (Lrg X2 WA 27E 1973, 1988, 1992, 1995, 1998. 2002.
2005. 2010. 2012, 2015 4¢, 3t 10 4F, 1963. 1965. 1966. 1967. 1969. 1974. 1977. 1978. 1985.
1986. 1991. 1997. 2011. 2013 F=N/DWH, 14 4, HANEFEEN, 3345 HHEXBEZ WED
JEAF 1998, 2007. 2015 4E, L 34, 1962, 1963. 1974. 1985 4E N/bF4E, dt 4 4, [EHEMIL 51 4.
A LMG BT 2 WAE R AR TR 7E 21 thad, X—BTHIHZ W, ADWESD FELEFTE 60 48, X—HH]
T HA
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Figure 2. Interannual variation of precipitation and sunshine hours in Hami
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HEBKEMI, UERKEREAEERKEINEZ R . LibER, BR, KE &F
Bt 7K B R AR AR AR A 5] 3R 43 591 2.509 mm/10a. 4.32 mm/10a. 2.802 mm/10a. 0.41 mm/10a, iliFi#HZ.
B2, K. KK ERSFEBLEIE 5%y 0.458 mm/10a. 1.952 mm/10a. 0.877 mm/10a. 0.462
mm/10a, AZAH 5 AT I 3 1A A6 ()

4.1.3. HERR%

H BRI HOR S R 0 BB R 7y, 32 AR TR PR S AR 5 S5 [13] o 38 Ik 23 B i 2% T 4 H R 250
AL Sa A (K 2) T W, i T H BRI R 2 R S0 A RIS 2 LD IRRIE . i 58a SR LLiFg X
A G 250 3349.7 h, 551G &, A2 ia % )y 15.808 h/10a, Afid &3 i, 4 H
PRI $de 2 4 3672.9 h, B 2009 5, #/b>A 3021.8 h, HIBLLE 1967 4, Wi A% 651.1 h. 5a i3l
S5 2 — 2D R, 60 AEARE] 70 AEARKIAE H HR B B P4 2K s 5 [0 T, 7E 80 ARARKIIHIA 2 55 — A kg,
S FFURRITE, 90 AR FFZ S —ANEA, 80 4EARE 90 4EAR H MRS Hfw /b, 20 thhad H HR i £ oA & (=1 7+,
Z 2010 4ERiEF E i, ARG FFIRIRGEIRD . (AL X AE H IR S 003 T Mk dh, ek o
—13.205 h/10a, HAR b FA-t A I B E AL . 58a T35 H HE 5 3142.8 h, 1978 4FIA R i K H 3396.5 h,
1998 -t /N, 1NN 2995.1h, WiE A2 401.4 he SaiEa P EIR, 60 ERF 90 K, 4 H IR £
TRIA S, 60 HARE 70 EMREHET =, 70 FAKBEHE AN, SIS TR, 90 FERKBFE
AR, 2010 ARG HILEE —ANEME, /R TFER1RTE

MH BB RS, L XIEESR, B3, KE. &2 H R0 SRR 0 ) 26575 8
15.497 h/10a. 3.011 h/10a. 6.916 h/10a A1 2.898 h/10a, HH#HZ. K ZH K H A& (Ed T 0.01 /K
R EEAR(P < 0.01), B, &ZHBEE R0 AT B E VR (EIRE) . Wb X &2 H IR 2
R AL 353 B 925 0.471 b0, E%-6.998 h/l0a, FkF-2.161 h/l0a FI%F—4.427 /102, #
Z H HE B 25010 AR A 38 oAl ok 2 25 PR A 50 (P S

4.2. BERFNBREMFE

421 Sig

T LAH TRENSENRNE. FREE P B3R L, R XIEE & & TSR ER R
ZE B PRI E 21 A 80 FAURIZEMR BT, 90 S A TR, 21 HHARIRE BT
2011~2018 SR L FHRE T T 0.5°C, # 20 theg 70 SERFMKIEN 74 1.1C. X—& s
RIERBELG T 20 20 80 AFACE I 90 AR BRI (115 Lims A A FI[14] [15] [16]. & H. HKFEF
SR FEABR ARG 3 5 AE P 1 S — B AP 1 RURAE 20 T4 80~90 ARAR 9 RS, 20 tH40 60~70
AR LN 21 ALy 18 SR NMmA I, X5 & EEHEAM.

L B DX A~ 38 R A BR R A 5 2 G R S5 R — 3, PR 28 A ETHESS, DL 20
g 60~70 FAURYE, BOFEMEC 1.1°C, 90 FATFE 1L AL XSt AR . B 31 UR AR
PRASAL 54 B/ IRAR L — 5, B KE TR 20 4D 60~90 AR A ], 21 tH 20 A\ (w1
RZF RN 20 20 90 AEAR A 2010 4E N AR, 2011~2018 A Z VRIS A ImA . W, 18
FRR R 260 N, e WL AP 3 R AR AR ZE R

4272, BEKE

XU B T B K & AT Gevt s IFAIFH SCER[O] AR 22 REE TR AR 22 RE0(EE 2), AT, B4R
SEME K B R ZER . I XIS ER KM 20 142 60 4E/8E 2001~2010 4F 2 IZEF RN,
7£ 2011~2018 “FugA F %, HiFEA 21 a5, FFERBKE R TPME. FEFRKEESERERER
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W5, 60 FARALZE RECH 0.479, BB NME, AMLOYIALZEREUR/D, K 0.273, UiH] 60 FAX
A LW S B P27, AEBR (A 2 F 85/ o b XA B /K B AE 21 1
LRI X —FE, RBEA &, 1F 20 40 90 (EREFKE S T 2441, 2001~2010
R R TFME, 2011~2018 A &R K E R ZE I, 1K 197.7 mm, BZHEFHE M Z 30
mm. FEAREEZE RHLL 2001~2010 FEHk, A 0.231, 20 e 80 4EAREE %= R ¥/, N 0.144, HiW]
2001~2010 4 1Ly 4k X A Ff 7K B A7 AE BRI AR PR 22 7

B K BB IR B BRI AL,

Table 1. Annual and seasonal average temperature in different years in Hami from 1961 to 2018

= 1.1961~2018 FREM X FRE. FRREF
X 42k F0y F HE CES K X7
1961~1970 -0.4 -0.3 -0.2 -0.9
1971~1980 -0.5 -0.8 0.0 0.3 -1.7
1981~1990 -0.1 -0.3 -0.1 0.0 0.1
L
1991~2000 -0.2 -0.1 -0.6 -0.6 0.4
2001~2010 0.4 05 0.7 05 -0.6
2011~2018 0.6 14 12 0.1 -0.4
1961~1970 -1.1 -0.6 -1.0 -15 1.4
1971~1980 -1.1 -12 -1.2 -0.7 -14
1981~1990 -0.7 -0.6 -0.8 -0.8 -0.4
ik
1991~2000 0.1 0.0 -0.1 -0.1 0.4
2001~2010 0.7 0.6 0.9 0.8 0.1
2011~2018 0.7 14 11 0.1 -0.2
Table 2. Annual and seasonal precipitation in different years in Hami from 1961 to 2018
® 2.1961~2018 FREM K FNRE. FEKEBRFENE
F FE FES (e X
i 7AN N N N N N
o o TEOEMIL Th PBIL g M Sy PME Ln P
1961~1970 0.479 274 1.442 6.0 0.505 15.4 0.909 4.2 0.903 1.4
1971~1980 0.405 371 1.368 6.7 0.539 18.1 0.866 72 0.625 53
1981~1990 0.356 37.9 0.809 5.8 0.626 18.3 0.436 10.2 1.166 3.4
i 1991~2000 0.469 424 0.767 8.9 0.655 214 0.790 85 0.642 4.1
2001~2010 0.273 50.8 0.767 10.6 0.399 215 0.913 12.0 0.923 6.2
2011~2018 0.431 443 0.635 6.1 0.527 27.6 0.466 6.7 1.096 38
1961~1970 0.189 144.6 0.393 25.7 0.257 90.2 0.276 225 0.466 5.9
1971~1980 0.176 150.1 0.369 28.9 0.215 83.1 0.244 28.7 0.518 9.2
1981~1990 0.144 160.1 0.465 325 0.347 87.8 0.298 341 0.512 55
ik 1991~2000 0.201 175.4 0.584 35.0 0.218 103.6 0.426 324 0.403 5.1
2001~2010 0.231 166.7 0.333 35.8 0.404 85.0 0.285 35.0 0.403 11.0
2011~2018 0.177 197.7 0.227 37.0 0.175 114.2 0.388 38.1 0.420 7.3
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BT R ROKENFRPRENRE, WEKIEE. B K. LR KSR R 750 H
PLAE 2001~2010 4F. 2011~2018 £F. 2001~2010 £F. 2001~2010 £, /M2 5 BLLE 80 448, 60 4F4X.
60 X, 60 AR, T LLIFE X 3% FE AT PR K E AR S A K E AR BON— 8, 1E 21 AN RRK
HRZE, 60 FMANEKERDII. & B, K L5FTWHKERZ KB NME 7 5 HIAE 60
£1R(1.442). 90 £E4X(0.655). 2001~2010 4(0.913). 80 EAX(1.166), 45 %= R K /ME 4 B HBLAE 2011~2018
4£(0.635). 2001~2010 4F(0.399). 80 4% (0.436). 70 4F4X(0.625). HbXIHE. B, k. KWEFIk
KB KAH 70 ) ELAE 2011~2018 4F. 2011~2018 4F. 2011~2018 4. 2001~2010 4, fHe/MH 77 HHLTE
60 F1R. 70 AR, 60 FEAR. 90 FEMR. F. H. K. KBFNHRKELRZE REURNME 2 B HBLAE 90 4R
(0.584), 2001~2010 4(0.404). 90 44X (0.426). 70 4F1%(0.518), A7 REm/ME /7 HILTE 2011~2018
££(0.227). 2011~2018 4E(0.715). 70 £E4X(0.244). 90 £Ef{~2010 4(0.403). W] ., 1L Xk & Z=i 4K
B RN KT LA, B8 g X R K & AR B KTl R X R

4.2.3. HERF%

M H RIS B AR PR A AL R (2 3), 1L X35, 20 140 60~70 4EARAE H I $edb N IE R, BE-P{H
439108 38.9 h F1 44.6 h, 80~90 SEARFFUREE N EET, 90 £ H MR $id D, FEP(HA-117.3h, #EA 21
22 i) 18 4F H HRI BRR 20 22 o 5N 271 H BRI B0 AR AR BB A R AH [R], %222 H BB 207E 20 142 60~90
SR OUET, 21 A LDORFRSMmZ s B 7 H RN 805 4 H RS0 ERR R — 3G RESAFEN
H R BEAR R — 8, AN 90 SRR TR, He RN IEREF. 102 H RN R 2 S5 /b
M2 Y 101.8 h, 79.8h. 67.7h. 71.6 h.

Table 3. Annual and seasonal sunshine hours in different years in Hami from 1961 to 2018
7% 3.1961~2018 FMEMEFRE. FTHRFHKET

X 45 A & HE R Z K5
1961~1970 38.9 -8.3 32.6 37.3 38.0
1971~1980 44.6 -9.0 0.8 25.1 26.3
1981~1990 —25.8 —23.3 -13.4 6.8 4.3

i 1991~2000 -117.3 —22.5 -31.6 -30.4 —32.7
2001~2010 143.0 45.9 44.9 23.6 28.5
2011~2018 164.0 78.5 48.2 8.2 38.9
1961~1970 15.2 —-10.8 16.2 -3.0 12.7
1971~1980 155.9 46.6 44.6 28.9 35.7
1981~1990 21.8 12.4 2.3 -0.8 7.7

e 1991~2000 —41.7 -10.2 —26.5 —4.2 -0.9
2001~2010 20.1 -2.1 24.1 4.8 —6.8
2011~2018 18.0 28.7 -19.8 -5.3 -13.7

B IXIRAE H RIS B AE 20 2 90 AR FBE 7, He AR A IE RS, H A 70 4EAR H BN 3R £,
FRPEIL 155.9 he 2= H I £07E 20 40 60 AN MR, FEFEH-10.8 h, 70~80 FAUIF4H%: Ik
P, 90 4EAR~2010 4 3L A FESF, 2011~2018 4F H BB B0 2, #oIEREF; B2 H IR 20 tHh4 90
SEARAN 2011~2018 4E N R, HEEMRMINIEEF, LL70 SERH R HuR 2, BE-FEZ 44.6 h; #ZFEH
HRI Y 70 4EA0F1 2001~2010 A IEEE T, HARFPAIBIAHAIET; 4 ZE7E 20 20 60~80 AL,
90 FEAIFAaTE N i~ F- IFFFLE . DUZ= H N EU) i 2 4F 5 5/ DR il A2 7 57.4 hy 71.1h, 34.2h. 49.4 h.
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5. /g5

1) M TE TR E L FHES, T 58a K, 1LEG 1L Jb X I3 SR S A7 2350 51 A 0.211°C
/10a. 0.440°C/10a, M&# 43R5 T EA2 P RE N EHRMEE, B8 EAES, LR E
TR g A E P AR, T B X R RR BT R LA N A E R 1.8 5. 1 XA R
SAEEBEI DT R B A . B, K AENAEIIR A TTERIR s 1l JBIX S 2= 5 S AR G R 1) DRk
KRN B > HFE > KFE > &5

2) (ERFERAIHBER &AM T, L rg LA PR R B AAERBOR ZE 7 o LR XIAE R % 2= P 35U
MR PR 22 F B A R, LAk XA P 3 SR I AR AR PR A 5 4 ] 3 e 3 R AR — S

3) it 58a KMAH M A /K B AL Z B D AR, LR LIl XA B K A At )
3570 3.743 mm/10a. 10.06 mm/10a, 428 FEHIES. 21 LN Z R, 60 AN, 11ZF
B 7K AR AR A AR Y BRI e FE /s, HA R .

4) 1L X AR K TR SR REERR 22 5120 W 2, 60 AEARPE/K B4R Fr [ sh BN I ZL, T At 20 ]
EPREZRB N, b XK E K ELE 2001~2010 FEEBREIESIEARIZL, 20 20 80 FARFFrla) 2 7
BN 1L rg X R /K AR PR AR A B R K T LB X

5) AT H BRI H 2 (8] 404 IR 2 A6 BIRFIE . 3 58a Sk L R X IAE H BRI 40k 3349.7 h, <
1B Ak A0 7] 22 2 15.808 h/10a, 551 i ss ;s LAk X373 H B £k 3142.8 h, 2930 F &S,
LRV ) 26 2—13.205 h/10a. 1L Eg X3 %5 2= H BB Hoek 4 H R B B0 i stk oMK : B2 > 3K
> HE > &, LS H BRI Zo6 4 H R o ot MK O : B > &F > K
Z > £, IIEFXE 21 thany 18 E A SR %, (LdbXIg 70 £ H B HuR % .

& H
a5 R A H (201708).
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